Icy bodies, such as Pluto, are known to harbor simple and complex molecules. The recent New Horizons flyby of Pluto has revealed a complex surface composed of bright and dark ice surfaces, indicating a rich chemistry based on nitrogen (N 2 ), methane (CH 4 ), and carbon monoxide (CO). Nitrile (CN) containing molecules such as acetonitrile (CH 3 CN), propionitrile (CH 3 CH 2 CN), butyronitrile (CH 3 CH 2 CH 2 CN), and isobutyronitrile ((CH 3 ) 2 CHCN) are some of the nitrile molecules that are known to be synthesized by radiative processing of such simple ices. Through the provision of a spectral atlas for such compounds we propose that such nitriles may be identified from the ALICE payload on board New Horizons.
INTRODUCTION
After its near decadal journey New Horizons is now sending unprecedented images of Pluto's icy surface back to Earth. It is now necessary to evaluate and analyze these images and identify the molecules that are present in Pluto's icy mantle. While the main components are expected to be N 2 (Kelsi & Stern 2015) , CH 4 , and CO, it is probable that these form the basis of a richer ice chemistry initiated by irradiation of the surface and particles present in the atmosphere. Recent groundbased observations reported by Lorenzi et al. (2016) suggest an uneven distribution of simple ices and complex molecules. ALICE, the UltraViolet (UV) Imaging spectrometer (Kusnierkiewicz et al. 2005 ) on board New Horizons operating at wavelengths in 46.5-188 nm (∼26.6-6.6 eV) could identify more complex chemical species present in Pluto's ices, should their spectral signatures be known (Schindhelm et al. 2015) .
Since the 1940s several nitrile containing molecules, such as CN, HCN, HNC, HC 3 N, CH 2 CHCN, CH 3 NC, NH 2 CN, NH 2 CH 2 CN, CH 3 CH 2 CN, HC 7 N, HC 9 N, HCCNC, H 2 CN, NaCN, OCN − , CH 2 CCHCN, CH 3 C 5 N, and CNCHO, have been discovered in the interstellar medium and, quite recently, the branched nitrile molecule (CH 3 ) 2 CH 2 CN was reported to be present (Belloche et al. 2014) . Therefore, it is highly likely that nitrile bearing molecules could have also been incorporated onto Pluto during its formation in our solar system. Furthermore, radiation processing of the N 2 and CH 4 ices present on Pluto has been shown to provide pathways for the synthesis of CN containing molecules such as acrylonitrile (CH 2 CHCN; Kim & Kaiser 2012; Yu-Jong et al. 2012; Christopher et al. 2014 ) within the icy mantle; indeed, there has already been an attempt to identify the presence of acrylonitrile from ground-based observations at near-infrared wavelengths (Olkin et al. 2007) .
Thus, there is a high probability for the presence of nitriles within Pluto's surface ices (Christopher et al. 2014 ) and therefore it is important to identify the spectral fingerprints by which New Horizons can resolve the chemical composition of Pluto's icy surface. The objective of the current study is to present a VUV spectral atlas of some simple nitrile molecules such as CH 3 CN, CH 3 CH 2 CN, CH 3 CH 2 CH 2 CN, and (CH 3 ) 2 CHCN in the ice phase obtained by recording VUV spectra using synchrotron radiation. Wide ranges of temperatures are present across icy bodies of the solar system and beyond; by recording VUV photoabsorption spectra as a function of temperature we can understand the morphology of the ice, whether amorphous or crystalline upon warming the ices formed at lower temperatures, and the presence of homodimers or even higher order clusters in the ice that affect the chemical reactivity (Bhuin et al. 2014 ). Therefore temperaturedependant studies of such ices are important. From our results we propose observable wavelengths that may help to detect nitrile molecules in an icy body dominated by N 2 , CO and CH 4 such as Pluto.
EXPERIMENTAL METHOD
We have carried out a series of experiments to measure VUV spectra of nitrile molecules in the ice phase at the National Synchrotron Radiation Research Centre, NSRRC, in Taiwan. A detailed discussion of the experimental setup, liquid sample preparation, and spectra acquisition has been presented in an earlier publication (Hsiao-Chi et al. 2005; Kuo et al. 2007; Lu et al. 2008) . In summary, the incident VUV light from beamline BL03 dispersed with a monochromator (cylindrical grating, 6 m) and passed through a gold mesh with transmission about 90%; to monitor and to normalize the beam, the photocurrent of the gold mesh was detected with an electrometer (Keithley 6512). Nitrile molecules were deposited onto a LiF window maintained at 10 K using a refrigerator system (APD HC-DE204S); therefore, we measured the absorption spectra in the VUV region to the limit of transmission of optical components, about 106 nm. For the absorption measurements, the VUV light from the synchrotron was perpendicularly intersected to the solid samples with the transmitted light incident upon a glass window coated with sodium salicylate, which converts incident UV light to visible 
